R

f.1s attached hereto, w11:h a.n outlme of proposed work for th.e commg year.

.—' . : \'J:'— D')

_TOPS

DRAFT =€ vULig62

MEMORANDUM FOR: THE RECORD

SUBJEC-T o . : Continuation o£ MKULTRA, Subpro;ect 133
. C

1. The purpose. of MKULTRA, Subpro;ect 133 is to enable TSD/BB

to ut111ze the services. of._"‘m"'—wa%ssocz.atqurofeesGr?ﬁofé‘*@

Bmlogy at: RensselaersPoth‘é’chmcﬂnstztute ,’e\e‘]:r oy;feﬂN ewstork@

2. Durmg the f1rst year of the program‘_{as made

s1gm£1cant contr1hut1ons to the all too sca;nty knowledge of the mecha.m.sms

- -of mmeral transformat:ons. A techmcal discussion of these a.ccomphshments

It is pos 81b1e that these mvesugatlons may well lead to 1 new a.pproa.ches

for energy’ transfer systems (bm-ba.ttene 8). and detenoratmn of metals.

j uncmned as OVeI‘&
_{f €

' '_ fan.d cu@out durmg the f1rst year of this progect. Thls service w111 heretofore
e _'be furmshed by the Géséhmkter dmowMed;calmesembg ’I‘he cost of -

Tre ‘thls program for the second year will be $9, 000. 00 to Wthh must be added .

?

$360.00 which represents a 4% service charge to be reta.med by the automgg)
The total cost of the program, therefore, will not exceed $9, 360- 00. Charges
should be made against Allotment No. 3125-1390-3902.

4. It is not anticipated that permanent equiprrxent other than that

listed in the budget will be required for this program. Title to the
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equlpment hsted will be reta.med by theﬂnsuﬁrt"e in lieu of h1gher

overhea.d. rates.

5. Docu'mentauon a.nd a.ccou.ntmg for travel expenses ‘which

are reimburssble by _“ll seato o
;the a.ccepted praﬁtxce of that orga.m.za.tlon. S L .
6 ‘!_' has been clearedG®V ] _-TLY a.nd 1s unw:.thng T

a.nd w:.ll remain unmttmg of the true na.ture of the sponsor.. -

T A 'TSD'/J_' B ‘ e

 APPROVED FOR OBLIGATION OF FUNDS:

DATE:

Attached:
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Rd&mﬁuDthnQ)<

1834 Connectlcut Avenue

iy The Geschicter Fund . :'- _f.;'_. e
@ Wash:mgton, D. C. ' I

'Attentlon

SubJect'

e

. Please. flnd enclosed onewco
Aposal submltted on. behalf-of

: o The. proposal is not beingAsubmltted elsewhere for :
poss1b1e support. : . SRR A R B _ B

'froposel eﬁfifie 

: , Your’ consideratlon of our- proposal.w111 be appre—i:
clated and we look forward to hearing from you.

_? _Very crulv vours. - . Ae' o

-

-Assistant Director .

epiifd. R _ L
hncj.osure . ’ . s e L

Il
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DEPARTMENT OF BIOLOGY - /)

June 14, 1962 - gl

_ Purpose of Study~

The purpose of this proposal is a request for financial support '
to continue an investigation of microbial action onlmarine manganese _—
‘nodules and terrigenous mineral sulfides, which the principal investi-'
gator has been pursuing since 1958 Very intensive work on these.

materials is being carried on. by him, with fruitful results, during ,
the current year, 1961-62 under a grant% from the ‘_
@_. ofgStanford University%tcalifornia,;p Since relatively

little is known about microbial mineral transformation, and in view of

current academic and practical interest of microbiologist:s, geologists,
mining engineers s soil scientists > oceanographers, etc., in the sub ject ,

this research should make a valuable contribution to’ science. -

Summary of Past lJork?. ~

' --a.: Bacteriology of mineral sulfides. , :
i Attempts w‘ere made to evaluate the microbial flora isolable from
i -unsterilized crushed sulfide minerals by enrichment in mineral solution.
The following minerals were studied: alabandit:e, arsenopyrite, bornite, _
chalcocite, chalcopyrite, cinnabar, 'cohaltite, covellite, enargite,'galena,

marcasite, orpiment, pyrite, p}frrhotite, realgar, and'sphalerite. Of these

minerals, only cobaltite, enargite, galena, pyrite, p_yrrhotite, realgar,
and sphalerite yielded microorganisms. For the most part these organisms
were heterotrophic and probably renresented'contaminants. However,

Hyphomicrobium, isolated from realgar, a pink yeast repea@QRBROYEHEXRBEIEASE
DATE: JAN 2002
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from sphaleriteg and'Arthrobacter,.ﬂisolated>from cobaltite, galena,

pyrrhotite, realgar, and sphalerite may constitute part of a normal
h:floras The action of any of these organisms with respect to ‘the mineral

‘ :with which they were found associated remains to be established. ﬁ

. After surface-sterilization, some of the above mineral sulfides,

“ﬁvll'when enriched in mineral solution, have yielded iron-oxidizing auto-h‘
trOphs.; These minerals include arsenopyrite, pyrite,- pyrrhotite, chal- '
: copyrite, enargite, galena, marcasite, and sphalerite.- At least some of

"V:the isolated bacterial strains are not restricted to a diet,of iron for

“energy, but can use sulfur or, probably, some other oxidizable metals.

The ability to’ grow on any of;the above sulfide minerals was tested

by inoculating surface-sterile samples in oxidizing columns with Ferro-':

;bacillus ferrooxidans,”and attempting to recover the organism from.effluent '

”.:feeding solution over:a?:period of two months or more. So far, positive

-results have been obtained with arsenopyrite, enargite, chalcopyrite,
. marcasite, galena, pyrite, pyrrhotite, and Sphalerite. Negativelresultsi_.
-hhave been obtained with alabandite, bornite, cobaltite, covellite,Vchalco-
. cite, and one sample of galena.l Cinnabar, orpiment, and realgar are being

‘fcurrently investigated

' i,;pgi;s:;g . In addition to the foregoing qualitative"work, quantitative studiesp;_:
v>on the rates of oxidation of synthetic CuZS and natural arsenopyrite are
presently being undertaken. From these studies it has become clear that
synthetic CuyS can be onidized at least &4x as fast by bacteria-than by
autoxidation, and thatiarsenopyrite can be more rapidly oxidized by

bacteria than by autoxidation; Results with the latter material are not

yet sufficient to establish an eXact rate comparison. The precise mech-

i
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'lanism of bacterial oxidation remains to be established The work with

-lsynthetic Cuzs proves, what some other workers seem to doubt, that F.

;,ferrooxidans can oxidize metals other than iron.

*ig ; b Manganese Nodules.lf;v”ﬁté”

Oceanographers have felt pretty strongly in the past that the orﬁgin

- and deveIOpment of manganese nodules in the oceans is attributable to

ety ot . s

-*onifinding organic“nitrogen in nodules,

- concluded that biological agents Aereﬁinvolved‘ininodule genesis;' At-his

fsuggestion, the principal investigator attempted to find out if bacteria '

v_might play a. role in this. He f :nd that bacteria were indeed present

e—sterilization (a rough estimate at

- present is 104 per gram).- They included Achromobacter, Arthrobacter,

':iBacillus, Brevibacterium, Staphylococcus, Vibrio, an unidentified rod and

ban unidentified coccus. The principal investigator showed in quantitative

- \-

experiments that nodular substance can adsorb manganous ion from sea water,’l"

_and that this adsorption is accelerated by bacteria that grow from the

7'f=1;nodu1ar material The acceleration of manganous ion adsorption is explain-

‘i"

‘{facilitates further adsorption of manganons manganese.. The acteleration

; requires the presence of . peptone, to permit bacterial development. If
.peptone and glucose are present, manganese is released from the nodular
‘substance rather than adsorbed,,atzleast_in a net effect., Since some
nodules were apparently initiatediarOund shark's teeth, ear bones of whales,

pumice, etc;, in the sea, attempts were made to see if oyster shells can

i

adsorb manganous manganese and thus serve as possible foci of nodules.
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It was found that they do adsorb it and that peptone did not stimulate this ~
adsorption (no bacteria were present!). As far as a sué;;y of the lierature
. has gone, these observations with respect to manganese nodules have not~

been reported before.

‘Pertinent literature'

| 'rhe early literature dealing with microbial action on minerals has
Abeen covered by Alexander (1). A review by Lyalikova smnmarizes ‘much of

the past important work on Thiobacillus ferrooxidans and Ferrobacillus

ferrooxidans (2). “An intimate association of iron-oxidizing autotrophs

with natural mineral sulfides has been indicated by the work of‘-
‘ Sl
-Lnd by that of Lyalikova (5). Differences of opinion exist between -

A Bryner and Anderson (6), Malouf and Prater (7), and Ivanov, Nargirvyak

B N
and Stepanov on the one hand, and -b(élbbﬂ-b(& on the other

- ' S about a mechanism of mineral sulfide oxidation of- chalcopyrite, molybdeni.te, : N

' chalcocite, and sphalerite, for instance. No previo s studies on bacteria
in manganese nodules has been reported. Eowever, bacterial manganese ox:{.-.
dation and reduction by soil bacteria has been known for some time. An -

o important quantitative study on large-scale bacterial manganese metabolism

'3"'-:;.~_"_'_f"".'is that of Mann and Quastel (9) Descriptions of manganese nodules are given

EAR R "by; Murzay ',(-'IQ).. and DieCZ_ (1. A chemical -and physi.cal study of nodules R
was made by Buser and Gruetter (12). The finding of organic nitrogen in_
nodules was first reported by.Graham (13) and Graham and Cooper (14), who .

also suggested a biological origin of the nodules on this basis.
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Pr0posed New Work

Continuation of present: lines of investigation'

a. Mineral vSulfides-’ o p
‘1.. Continuation of survey of natural sulfide minerals for
. . a normal flora, with particular emphasis on large-scale
_.‘.microbial action on minerals.

2, Characterization of isolates (physiological and morpho-
- logical). : .

3..” Examination of 1solates for specific mineralx.zing activities,

&4, 'Elucidation of . biochemical mechanisms of mineral trans-
R formation. .

" b Manganese Nodules~ S R -
' 1. _Qualitative and quantitative bacteriological comparison
.:._of manganese nodules from different oceans. _ .
2. Study of the biochemical mechanism of manganous oxidation
and Mnoz reduction in the various bacteria isolated.

3:'-_'»ADetemination of the mechanism of iron—incorporation into

vmanganese nodules,

The methods to be used in these studies will be adaptations of standard
procedures of bacteriology, physiology, and biochemistry.

Personnel- . R

S - o=

' Principal Investigator' a .ssoc‘. 'Prof. of Biology.sv
. i

rectatcten: (V.
Graduate Student' o 'c_[nﬁtéisré‘a’ént'ly'*su'pported)ﬁ;

Undergraduate student: -
(NSF undergraduate

Y .
research fellow) c_‘-?*(stmmer 1962)
; . (summer 1963)
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_ Proposedeudgeﬁ: o

A
<.

" PERS ONNEL : .
Principal Investigator . B ,
1/8 time-academic year $ 1,050
. 1/4 time-summer months - 700
Technician-full time - o 4,155 : '
: S lena B '§ 5,905
" PRRMANENT EQUIPMENT ﬁi!_ S
' Fluorlmeter _‘.~_,' Sl 900,
i',CONSUMABLE SUPPLIES

Glasswa:e _;’f;ﬁff s . 340

640

TRAVEL" ST B - o
. To sc1ent1f1c meetings ' , ' T - 250
'OTHER EXPENSES P A I
Publication- ~* - = . . $ 180 .
. Telephome "~ “ - . . - ‘ 20 . :
L _ R . 200
"Total Direc;_?oétA SR i$ 7’895

»

;ifINDIRECT COST " Bl
@ 14% of Total Direct Cost e 1,105
e R LT _"Total Cost = - 7§ 9,000

A
€
. . - i
‘ - wr
-~ - - - . - .

it
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